THE primary object of this communication is to attempt to demonstrate the value of neuroradiology in the elucidation of the diagnosis of subdural haematoma. The condition has been recognized for many years, and is now becoming more frequently diagnosed.
Hospital in October 1834, under Dr. Latham. " The man stated that his mind had been a good deal oppressed for a twelvemonth, in consequence of adversity, and that six months prior to his admission he had been attacked with headaches which were relieved by blisters. About a month before admission, headache and giddiness returned which prevented him from following his occupation. Upon his admission he complained of giddiness with inability to retain his urine or faeces. He was cupped from the temples and blistered; but his mental faculties gradually declined and he remained in a state of insensibility approaching to coma; without any material change he lingered a few days and died."
The post-mortem examination is carefully described and the lesion was clearly a chronic subdural haematoma. Burrows said: " The left hemisphere of the brain was much compressed by the distended sac of blood and coagula; the left ventricle was small from pressure; there, was nothing further remarkable in the substance of the brain." The specimen was placed in the St. Bartholomew's Hospital Museum.
In 1845 at this Society Sir Prescott Hewitt, the Curator at St. George's Hospital, delivered a masterly account of the lesion. He described what is probably the first published bilateral case. It was in a man aged 51, with a history similar to that of Burrows' case. In neither author's material was trauma mentioned in the history and no fracture of the skull was found at autopsy.
It would not perhaps be an altogether idle speculation to suggest that had not Sir Benjamin Brodie shown so much reluctance about opening the dura, for he found that all such cases went septic afterwards, he might well have been the first to cure cases of subdural haematoma. He was after all a colleague of Sir Prescott Hewitt's, and was well versed in the science of the cranial surgery of the time.
In 1905 Bowen made an important contribution, collecting 72 cases from the literature including one of his own.
In 1914 Trotter described four cases upon which he had operated. He was perhaps the first of the more modern authors to stress the importance of the disease. He stated that the lesion probably frequently escaped clinical recognition, and he mnade a plea for establishing the diagnosis in the early stages of the disease, for he said cure would then result in every case.
*Rockefeller Travelling Fellowship.
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Pathology.-It is generally accepted that the condition is initiated by a tearing or rupture of the small veins traversing from the arachnoid to the dura. This laceration in more than half the cases follows trauma. In the remaining cases there may be a predisposing pathological lesion of the veins. In some cases it is possible that a gross rise in venous pressure, relative to the pressure in the subdural space, would allow a spontaneous rupture in an otherwise healthy vein or venule. But at the moment this must remain a conjecture. The bleeding presumably continues until the venous pressure is overcome by the general subdural pressure. As with haematomas elsewhere in the body a reaction of fibroblasts occurs at the periphery, and a capsule is ultimately formed. The blood may or may not remain fluid, and later, in rare cases, the haematoma calcifies. Dyke and Davidoff maintain that a space exists between thehkematoma and the dura, on the one hand, and the arachnoid on the other. This, they say, is a pathognomonic radiological sign. We find this view difficult to accept owing to the expanding nature of the process, and the somewhat raised intracranial pressure usually associated. Moreover, we have not been able to find the sign in any of the present series of cases. The situation of the hoematoma is nearly always on the lateral convexity of the brain, the medial spread being limited by the falx. Why 204 3 Section of Neurology 205 this is the site of predilection is as yet unexplained. Possibly it is due to the greater number of veins in that situation which are draining to the superior sagittal sinus.
Bilateral cases are not uncommon.
The clinical picture, in common with that of most other expanding processes in the cranium, varies very much. At one end of the scale are those cases which present only mental changes and headache. At the other end are cases with symptoms and signs of gross intracranial pressure. Frequently there are no localizing signs, and even if the correct diagnosis is made clinically, often there is nothing to indicate on which side the lesion is situated.
Material Table I consists of 30 cases, four of which are dealt with in another paper and are of the infantile type. All the cases are collected from Professor Olivecrona's neurosurgical clinic in Stockholm. This table shows the years during which the cases were admitted. Since 1937 these cases represent about 3% of all intracranial expanding processes admitted under Professor Olivecrona, and in 1939 the percentage is likely to be even higher (six cases in the first half of the year). Table II ( pp. 4, 5, 6 and 7) which is after Kunkel and Dandy, but slightly modified, classifies the chief features. It will be noticed that the cases are all males. The oldest was 67 years and the youngest 17 years (two cases). The average age was 44 years, which approximates closely to Kunkel and Dandy's figures (41*2 years), and Dyke and Davidoff's (44.5 years).
Headache was present in every case and it was always the first cerebral symptom. Of those 15 cases in which a history of trauma was elicited, a latent interval occurred in seven (43 %). This varied from a few days to three months, and in one case twenty-one years. In such a case it is of course doubtful as to whether the injury was associated with the haematoma. In nine cases there was obvious mental confusion, 10 cases suffered from nausea and vomiting, 12 from diplopia, 20 had some degree of papillcedema. Papillcedema was by far the most constant sign. Table II shows how physical examination was'almost entirely negative in other respects, and it was usually impossible to localize the side of the lesion.
A confident clinical diagnosis was made in seven cases, and in a further four cases it was put forward as being rather more likely than tumour. In the remaining 15 cases cerebral tumour was diagnosed. It is hoped to show later that radiology leads to a far more accurate diagnosis not only of localization, but also of pathology.
Twelve of the haomatomas were on the right and twelve on the left, and two were bilateral. Of these cases one was in the left temporal region and one around the pituitary.
Fourteen cases were discharged cured, one of which (No. 1) died five years later of a bronchial carcinoma. (This represents a 54% cure rate.) Three were definitely improved. Five were not fit for any work, andone of these developed a right 206 Proceedings of the Royal Society of Medicine   4   TABLE II.-SUMMARY REPORT Radiology Plain films.-Of the 26 cases all but two (11 and 25) were examined by " straight" X-ray. Five survey views of the skull were taken in each case, as is the routine custom-postero-anterior, half-axial, axial, right and left lateral (Lysholm, 1931 Not followed up Findings on Plain Films (1) No fracture was seen in any of the cases.
(2) Evidence of increased intracranial pressure was found in only two cases (a) No. 14-widening of sutures of vault. (4) The pineal gland was seen to be calcified in eight cases, but only in two cases (Nos. 5, 20) was it displaced laterally.
(5) The choroid plexus was calcified in one case but was not displaced.
(6) Calcification of the hwematoma was not seen. (Had it been present it would have been pathognomonic-see infantile type.) (7) Theoretically the shadow of the skull on the affected side should be denser than on the normal side, even in the absence of calcification; for blood contains far more iron than brain tissue and iron is, of course, an element with a high X-ray absorption coefficient. However, I was unable to demonstrate any such finding.
Pneumo-encephalography.-At the Royal Serafimer Hospital encephalography rather than ventriculography is regarded as the method of choice in investigating the brain and intracranial contents, provided that there is no evidence of greatly increased intracranial pressure or a suspicion of a posterior fossa lesion. It has the obvious general advantage of giving information about the convexity of the brain, the basal cisterns, and occasionally the subdural space, as well as the ventricular system. Ventriculography in most cases only gives information about the ventricles. Air injection for encephalography is always performed by suboccipital puncture. Sjoquist (1937) described the method as follows: The patient is placed in the sitting position and the head is supported in front by an assistant. The operator sits behind facing the back of the patient's head. The suboccipital region is shaved and sterilized.
The skin and deeper structures are anesthetized with a suitable local anwesthetic.
After puncturing the dura the needle is advanced about 2 mm. Using a 10 c.c. syringe 10 c.c. of liquor are removed by suction and an equivalent quantity of air replaced. This technique is repeated until about 30 c.c. of air have been injected. The patient is then sent to the X-ray department on a stretcher trolley.
This method is found to be more satisfactory than lumbar air injection. First, less fluid needs to be removed, for the spinal theca need not be drained and less air need be injected. Secondly, as a result of this the air does not travel up the spinal cord, and thus the cord is not irritated. The symptoms are found to be less irksome to the patient, presumably for this reason. In fact, many patients have no discomfort at all. At the Royal Serafimer Hospital this technique has been employed by the neurologists, neurosurgeons, and psychiatrists for the past ten years, and many thousands of cases have been investigated by this means. Not only has there been not a single fatality, but in expert hands the ventricles have been satisfactorily filled with air in over 9000 of cases.
In this material 11 cases were examined by encephalography. Seven of these showed satisfactory filling of the ventricles, and the position of the expanding process could be located (see diagrams).
One of these seven cases proved later to be bilateral (see below). One case showed filling of the contralateral ventricle only. In this case (No. 19) sufficient evidence was obtained to justify a burr hole being made on the opposite side in order to introduce air. On burring the hematoma was found. In the remaining three cases no air was seen in the ventricles and ventriculography was next performed, as is the usual custom.
Ventriculography.-It will be noticed that ventriculography was employed more often than encephalography, but even so encephalography has been used relatively more often recently.
In investigating subdural haematomas ventriculography has a special advantage in that on making the burr-holes and exposing the dura one may make a certain diagnosis of haematoma from the appearances of the dura, and thus air need not be injected at all. Sixteen cases were examined by this method, including two of the three cases above. The other case was explored on clinical grounds alone. This accounts for all but one of the cases (No. 8), where a pituitary tumour was present, and air examination of the brain was not regarded as being indicated. The subdural Section of Neurology haematoma in this case was found by chance, and it was situated in an atypical position (see later).
Of these 16 cases six were diagnosed on making the burr holes. Of the remaining 10, satisfactory filling of the lateral ventricles was obtained in nine cases (see diagrams). In the tenth case (No. 10) air was present only in the contralateral ventricle. As is customary in such cases a frontal burr hole was made on the affected side in the hope that air could be injected by this means. However, on burring, the dura was found to show the typical appearances of an underlying haematoma, and so the air injection was not pursued.
The air-filled encephalograms and ventriculograms will now be considered together, 
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Of the 18 air-filled cases, 12 showed remarkable similarity (Nos. 2, 3, 4, 5, 14, 15, 20, 21, 23, 24, 25, and 26) . Drawings were made of the ventricular systems in all these cases, and for the most part, except for the demonstration of falx pressure, the anteroposterior drawings are the most important. Reduced reproductions of these drawings are shown (figs. 1-12). For the sake of simplicity and diagrammatic CASE 14.
CASE 15. representation the lesion is represented on the same side in each case. 23, showed a congenital anomaly-a cyst of the septum pellucidum.)
The features noted are: ( Fig. 9 , Case A. Anterior Horns.
(1) Marked septum pellucidum shift, with negligible angulation.
(2) Shift, and angulation of the anterior part of the third ventricle with the sagittal plane.
(3) Angle between septum pellucidum and third ventricle. Superimposed drawings of these 12 cases were made, and it was found that they corresponded very closely. However, the result was so complicated in appearance that a synthetic drawing of the " average " was compounded in the three positions: A. Supine (pars anterior); B. Sitting (pars media); and C. Prone (pars posterior) 14 mm. These drawings (figs. 13, 14, 15) show the above tabulated findings more clearly. The mean shift of the septum pellucidum in the three positions was measured and found to be 10 mm. anteriorly, 14 mm. in the cella media, and 12 mm. in the trigone region. One would expect this to be so with a laterally placed lens-shaped expanding PROC. ROY Section of Neurology process. Fig. 16 shows a typical lateral drawing. Figs. 17-20 show radiographs taken in positions shown in figs. 13-16. The greater or lesser degree of the medial shift of the temporal horn depends upon the degree of spread of the haematoma into the temporal fossa.
This feature, in combination with the others, is regarded by us as being the Fig. 23 most characteristic sign of the lesion. Although it cannot be called pathognomonic, for theoretically any expanding lesion of the same shape and position in the cranium could produce similar findings, in practice this must be very rare. Other expanding' processes in this region will be the subject of a further research at the Rbntgen 13 215 216
Proceedings of the Royal Society of Medicine 14
Department of the Royal Serafimer Hospital. But it is likely that a meningioma in the necessary situation is the only process which could simulate it, and had a meningioma grown so large it is highly likely that changes in the overlying bone or in the vessels would be present.
One such case was observed recently in which the pneumo-encephalographic features were typical of a subdural haematoma. There were no changes in the overlying skull, but the foramen spinosum on the affected side was much enlarged ( fig. 21 , Plate II). This indicated that the middle meningeal artery was hypertrophied, thus confirming the diagnosis of meningioma. An infiltrating growth such as a malignant glioma would be likely to produce localized deformities as well as general deformity, i.e. irregularity of contour of the lateral part of the affected ventricle, in contrast to the distant pressure effect of the subdural ha~matoma.
Of the remaining six cases which were air-filled, two (Nos. 10 and 19) showed filling of the contralateral and third ventricles only ( fig. 22 ). These structures showed the features described above. Thus 14 out of 18 cases showed what I call the classical picture". Of the remaining four cases, two (Nos. 1 and 17) showed almost normal appearances ( fig. 23 , Case 17), with just a slight displacement of the septum pellucidum. Both of these cases had small subdural haematomas.
One case (No. 22) , with a ha2matoma in the base of the middle fossa, gave an atypical picture.
Here a lateral drawing ( fig. 24 ) is included to show the elevation and raggedness of the temporal horn. In the frontal view ( fig. 25 ) the temporal horn is displaced medially and upwards. The ragged character of the temporal horn (lateral view) is difficult to explain, for it suggests an intracerebral lesion. This was in fact the radiological diagnosis, but at operation only a temporal subdural haematoma could be found. The patient died but no autopsy was obtainable.
One case (No. 9)1 showed an atypical picture ( fig. 26 ). This was not recognized at the time, and the condition was assumed to be merely a left-sided subdural hematoma the diagnosis was made clinically and the encephalographic appearances seemed to confirm it. At operation a leftsided subdural haematoma was found. However, the patient did not recover consciousness after operation, repeated extradural haematomas formed and he was reoperated upon, but died, after three days, without recovering consciousness. At autopsy a subdural haematoma, 1 cm. thick, 15 Section of Neurology 217 was found on the other (right) side. Thus there are two bilateral cases in the series. In the other case the haematoma on each side was discovered on burring, preparatory to making a ventriculography. Bilateral ha~matoma should thus be borne in mind. On re-examining the encephalographic drawing of Case 9 in the light of the knowledge gained at autopsy one observes (1) That neither temporal horn was filled. This might or might not have been of assistance, but if both were displaced medially, or if only the horn on the contralateral side was displaced medially, a bilateral lesion is certain. If the contralateral temporal horn was not displaced the diagnosis would be made more difficult.
(2) The drawing does not display some of the typical features shown in the 12 typical cases.
(a) There is no flattening of the roof of the " affected " lateral ventricle.
(b) There is no dilatation, but rather a diminution in size of the contralateral ventricle, and moreover the lateral border of its roof is not elevated but depressed.
(c) The third ventricle (anterior part) is practically vertical instead of being angulated.
In the light of these findings, and noting the contrasting appearances as compared with the typical cases, one should be very suspicious of the presence of a bilateral heematoma, in such a case.
Pneumo-encephalographic technique. -Lysholm's (1937) technique has been followed throughout. By utilizing his nine standard projections, and given sufficient air, it should be possible to outline the whole ventricular system and synthesize it by drawings. In practice this does not usually occur without special manipulation of the head, e.g. filling the temporal horn or fourth ventricle, and then taking subsequent pictures.
Technique for subdural haematomas.-Three pictures are taken in the supine position (Lysholm Ventriculogram Part I), and then examined. If a subdural haematoma, or in fact any expanding process in the lateral cerebral region, is suspected on the findings of these pictures, one then takes two pictures (one anteroposterior and one lateral) in the sitting position. By performing this manceuvre early in the examination a negligible quantity of air is lost from the ventricular system (the head is moved so that no flow of air through the aqueduct and exit foraminae is allowed), and thus the cella media is examined.
The temporal horn of the affected side is next examined. It is very rarely filled on the first three pictures, so active manipulation of the head is necessary. This is quite simple-the head is merely turned so that the suspected temporal horn lies uppermost, and so air is allowed into it. The head is then replaced, the air being trapped in the temporal horn. The first three projections are then taken again.
If the temporal horn has not been filled the process must be repeated. The contralateral temporal horn may then be filled by a similar manoeuvre, as a control. This is only necessary in diagnosing very slight displacements of the temporal horn. The disadvantag,e of manipulating air into the contralateral horn is that some air is lost from the affected lateral ventricle, via the foramen of Monro, air which is required in examining the trigone of the affected side.
After examining the temporal horns one places the patient in the prone position and takes the remaining standard projections. It is very rarely necessary in investigating this particular lesion to take any more pictures.
Falx pres8ure.-Pressure by the falx on the trigonal region of the affected side is very commonly seen in these cases. It produces a quite characteristic deformity, and in the literature it is frequently interpreted as being due to pressure from an expanding process.
A reconsideration of the anatomy of the falx cerebri may assist in making the sign clearer. It will be remembered that the anterior part of the ventricle cannot come in contact with the falx at all, for the falx lies too high up and too far anteriorly.
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Lateral pressure on the trigone, however, will cause it to come in contact with the falx almost immediately. It will then herniate under the falx and thus an impression is made on the trigonal outline, (fig. 27 ). This sign is best seen in the projection VII (Lysholm) lateral projection-prone position, head not turned to right or left. If the posterior horns of the lateral ventricles are large, and if the quantity of air is not great, the air-fluid level may be too far posterior to see the falx impression. It is occasionally seen, however, with the head in the lateral position. Fig. 28 is a reconstruction from a number of half-axial views of cases of subdural hbematoma. It is semidiagrammatic and is intended further to clarify the condition.
It is a view of the ventricular system from above in the classical type of subdural haematoma displacement. A cross section of the haematoma is shown on one side. The tentorium and the anterior borders of the middle fossoe are shown. The part of the falx which comes in contact with the ventricular system is shown, as well as the anterior portion. Note the slimness of the latter portion. The trigone is shown herniating under the falx. It also shows the relative dilatation of the contralateral ventricle, the curvature of the septum pellucidum, and the shift of the temporal horn on the affected side. In Case 2, when ventriculography was performed, some clear fluid was removed on puncturing the brain, and when the air was injected most of it was seen to be subdural, and outlining the falx (figs. 29, 30) . This is the only case in which a complete outline of the falx has ever been observed at the Royal Serafimer Hospital. Stereoscopy.-In the Lysholm technique stereoscopy is very rarely emnployed. Lysholm has found that bv manipulating the head in various directions the whole ventricular system may be filled, and by taking pictures in two right-angled planes with the head in the various positions, localization of any deformity may be made. Half-axial views are also taken, for they provide an additional " dimension " and are of help occasionally in orientating deformities.
Finally, in every case a drawing is made of the ventricular system both in anteroposterior and lateral views. This provides a more accurate geographical plotting of the lesion than stereoscopy, which is subjective rather than objective.
Arteriography.-This is a useful ancillary method in the localization of intracranial expanding processes, and very often leads to a more accurate pathological-anatomical diagnosis than does pneumo-encephalography.
This investigation was performed on three of the cases. The first case (No. 8) was complicated by a pituitary tumour and only a lateral arteriogram and venogram were taken. No abnormality was discovered. In the other two cases (21 and 25) a malignant glioma was suspected on the history and clinical findings. The ventriculogram performed in each case showed the characteristic picture of a lateral expanding process (figs. 8, 11) . Had the arteriogram shown an inoperable malignant glioma, the patient would have been saved an unnecessary operation.
Neither lateral arteriogram showed any abnormality, nor did the venograms. The antero-posterior picture, however, in both cases showed a pathognomonie appearance both in the arteriograms and venograms ( fig. 31 ). It will be seen that no contrast penetrated the haematoma, thus giving it a negative outline.
The arteriograms were taken towards the end of the injection of 8 c. Case 13 ( fig. 33 ) was one of the two bilateral cases in the series. The radiogram illustrates very well the extremely marked reduction in brain volume which occurs in such cases. Perhaps one should rather call it " brain anaemia ", for probably the brain itself is not compressible.
DISCUSSION
The question at issue is whether or not there are constant and characteristic radiological findings in chronic subdural haematoma, and if one is agreed that there are, whether or not they are pathognomonic. Let. us consider the straight X-rays first. It is generally agreed that fracture of Ithe skull is extremely rare. Dyke and Davidoff found no skull fracture, nor was there any in the present series, and Kunkel and Dandy found fracture in only one case.
In the present series evidence of increased cranial pressure as shown by bony changes in the skull could be found in only two cases. Dyke and Davidoff, on the other hand, found atrophy of the sella turcica in 11 of their cases (45.8%). But they virtually contradict this later in their paper in discussing the pneumo-encephalographic findings, they say: " The entire ventricular system shows a marked shift to the contralateral side. In spite of this, the accompanyingf roentgenographic and clinical signs of generalized increased intracranial pressure are minimal or absent " (italics mine).
Kunkel and Dandy's findings are far more in keeping with the findings in the present series. Only two cases showed evidence of increased pressure in the straight X-rays, and one of these was an infant aged 9 months, whose skull would of course show signs of increased pressure long before that of an adult.
The position of the pineal gland is of importance. In this series it was visualized in eight cases (30%) and was shifted laterally in two (25%) of these eight cases. Dyke and Davidoff saw it in 15 cases (62%) and it was shifted laterally in five (33.3%) of these cases. They claim that in 12 cases it was displaced posteriorly from 0-1 cm. to 1 1 cm. These latter figures are of very doubtful value, particularly as Dyke and Davidoff do not state what standards they adopt, what technique they use, or what they regard as the normal " limits " of the position of the pineal gland in different shaped skulls. It is difficult to understand how a posterior shift of 1 mm. can be diagnosed as being pathological when the gland itself may calcify to a diameter of 1 cm., and the skulls vary so much in shape that displacement, on the lateral view, of 1 mm. surely cannot be stated with any confidence to be a displacement at all. As the haematoma is nearly always laterally placed and at a considerable distance from the pineal gland, backward displacement must be of very doubtful significance. But they state : " . . . the pineal displacement was relatively great, particularly in comparison to the slight signs of increased intracranial pressure ".
Lilja's (1934) statistical survey of 200 cases showingf calcification of the pineal, which presented no radiological or clinical evidence of an intracranial expanding lesion, illustrates this point. The normal variation of position was quite considerable.
I consider that in subdural hoematomas the only significant finding associated with the pineal gland is lateral displacement, i.e. that seen in A-P or P-A projection.
Calcification of the haematoma would appear to be the only pathognomonic sign on the straight X-rays.
Pneumo-encephalographic features.-Let us first consider hydrocephalus. There is no unanimity of opinion on this point. Kunkel and Dandy state: "Hydrocephalus Proceedings of the Royal Society of Medicine of varying degree was present in six out of nine cases . . . the cause of hydrocephalus was compression of the aqueduct of Sylvius.7 Dyke and Davidoff, on the other hand, say: " The lateral ventricles were visible in 11 out of the 15 cases and their size was well within normal limits, in fact, towards the lower limits of normal, with the exception of one case." These two views are completely opposed to one another. In the present series all cases showed some degree of hydrocephalus and as shown (in figs. 13, 14, 15 ) the average was quite considerable.
The cause of the hydrocephalus is not convincingly clear. Kunkel and Dandy state (see above) that it is due to compression of the aqueduct of Sylvius. Is this always so ? If the aqueduct is compressed it must almost certainly be displaced also. What is the evidence for such displacement ? The aqueduct, lying deep in the brain-stem, is below the pineal gland. If the pineal gland, which lies at the back of the third ventricle, is not displaced laterally, the aqueduct is still less likely to be displaced. When the pineal was calcified in Dyke and Davidoff's series only 33.3%0 of these cases showed lateral shift and in the present series only 25%. It is therefore by no means conclusive that the aqueduct is compressed. As Ingvar and Ask-Upmark (1938) point out, the brain-stem may be likened to the root of a vegetable, and this root is much more firmly anchored at the base of the skull by vessels and nerves than the rest of the brain. This makes it even more unlikely for the aqueduct to be displaced by a process impinging on the convexity of the cerebral hemisphere.
The fact that the upper portion of the anterior part of the third ventricle is so constantly displaced does not alter the argument; furthermore the bottom of the third ventricle (see figs. 1-12) is not displaced. The aqueduct is deeper in the brain than the anterior part of the third ventricle, and further away from the expanding process, and has even less chance of being displaced. The most convincing explanation of the hydrocephalus appears to be that of Munro (1938) who holds that when the subdural space is distended a certain number of arachnoid villi are put out of action. Thus the production-absorption balance of cerebrospinal fluid is upset and hydrocephalus results. But even this theory is not altogether satisfactory, for in the one bilateral case in the series with air filling ( fig. 26 ) there is an absence of hydrocephalus. With so many more arachnoid villi pressed upon by the haemorrhage one would expect an even greater hydrocephalus.
Kunkel and Dandy state: " In three cases (33.3%0) the ventricle was entirely collapsed on the affected side.7 But frequently on performing a ventriculogram or encephalogram one finds that the affected ventricle is not filled. This applies not only to subdural haematomas but to a variety of expanding processes in this region.
But if on finding such a state of affairs one makes a burr hole in the frontal region on the affected side one finds that invariably the affected ventricle can be filled. At the Royal Serafimer Hospital, out of thousands of X-ray examinations and autopsies, the affected lateral ventricle has never been seen to be completely collapsed.
Again Kunkel and Dandy state that: " The reduction in the ventricular volume may be greater in front, greater behind or essentially equal throughout." WVhile admitting that the ventricular volume on the affected side is less than that on the contralateral side owing to the lateral and downward pressure, and the falx pressure, this difference in volume is not very great. Also it was found with only one exception (Case 26) that the anterior borders of the two lateral ventricles were side by side.
The posterior border cannot be assessed, for in the normal the occipital horns on either side vary very much. In Case 26 the anterior border of the affected lateral ventricle was displaced less than 1 cm. backwards.
CONCLUSIONS
The only pathognoinonic radiological sign on the plain X-rays-that of calcification -was never seen. It has been observed in children and one case will be recorded in 220 19
Section of Neurology 221 another paper by the author, but it seems likely that adults die if untreated before the lesion has time to calcify, a process which probably takes years to come about. The pneumo-encephalograms showed constant features (excluding the one bilateral and the atypical cases). Thus although no finding can be said to be absolutely pathognomonic, the circumstantial evidence is so great that the operative approach should be made with this diagnosis in mind, and a diagnostic burr hole drilled. In this way the reflection of a large osteoplastic flap may be avoided and the patient is submitted to a minor rather than a major operation.
A more difficult problem is the bilateral case. As stated above in describing the encephalographic changes in the one case of this type with air filling, certain atypical features are noted, and should make one suspicious. Other ancillary aids should perhaps be sought. Arteriography would not help unless injection was performed on both sides. This routine is adopted in very few clinics. It is possible, however, that electro-encephalography might be of assistance.
Arteriography: In the antero-posterior position it gives a pathognomonic sign as described above, but it is very doubtful if this investigation is justified in subdural haematoma, for although injection of the internal carotid artery is a small operation in itself, thorotrast is probably not a harmless drug. I wish to express my thanks to my chief, Dr. Erik Lysholm, but for whose inspiration and help this work would not have been performed. I also wish to thank Professor Herbert Olivecrona for kindly placing his material at my disposal, and for his advice.
Finally, my thanks are due to Dr. Erik Lindgren and all other colleagues at the Royal Serafimer Hospital for the kind assistance which they were ever prepared to give me.
[The expenses of this work were defrayed by the Laking-Dakin Prize, St. George's Hospital.]
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Proceedings of the Royal Society of Medicine 20 A case in which bilateral calcified subdural membranes had formed presumably as the result of subdural haematoma, occurring during parturition or in infancy, was recently examined post mortem at the National Hospital, Queen Square. Fresh bleeding had occurred into the cavity between the calcified membrane and the skull on one side and led to the patient's death at the age of 16 years.
He agreed with Dr. Bull's summary of the pathology of subdural haematomata. It was difficult to understand why subdural hxmatomata continued to enlarge, sometimes, apparently, for months after the initial bleeding.
There were three theories for this continuous enlargement. Cushing and Putnam (Arch. Surg., 1925, 11, 329) said that the hrematoma became covered with a membrane in which there were rather dilated thin-walled capillary vessels which continued to bleed into the substance of the haematoma for a long time under various provocations, with the consequence that fresh blood w\ras always coming into the hamatoma from this source. He was himself inclined to accept that view, because in every case examined fresh blood corpuscles were found in the hematoma, thus indicating recent hamorrhage; and the only source from which it could come w\Nould be these dilated vessels.
The other two theories seemed more unlikely. One was that the broken-down blood in the h-ematoma, owing to its increase in osmotic pressure, absorbed cerebrospinal fluid or some other fluid from the neighbouring tissues. That would mean that eventually in the hematoma there would be a fluid containing probably low protein with a large amount of breakdown products of protein, which had not actually been found.
The third theory wNas that the hamatoma was not really subdural at all but intradural, stripping off the so-called inner layer of the dura, which was very vascular, and therefore with a tendency to bleed. Those who had seen subdural hamatomata either at operation or autopsy would agree that they could be stripped off the dura with the greatest ease, leaving a perfectly smooth dura behind. There was no evidence that the haematoma occurred in the layers of the dura, at least in the ordinary traumatic cases.
Major D. E. DENNY-BROWN said that the method of encephalography described by Dr. Bull sounded a very rational and successful procedure. It was remarkable that he got so little air in the subarachnoid space, and that presumably was why he had not seen the cleft appearance of subarachnoid air under the hoematoma said to be characteristic of subdural haematoma by Dyke and Davidoff.
He had seen two calcified subdural hamatomata. One of these was a case reported by Critchley and Meadows (Proc. Roy. Soc. Med., 1932, 26, 306 (Sect. Neur., 12) ). The other case was in a woman aged 35 whose initial injury and onset of symptoms occurred at the age of 15. There were deformities of the skull like those which Dyke and Davidoff described in the sphenoidal fissure and the roof of the orbit, apparently only occurring as the result of the prolonged enlargement of the middle fossa by the subdural hamatorna during the period of growth. Perhaps he might add that he had come across a triple subdural haematoma. This was a patient in whom subdural hrematoma was suspected, the usual burr holes were made, and bilateral subdural haematomata were drained with resulting recovery of consciousness. After about twelve hours deep stupor reappeared. Naturally it was suspected that there was obstruction of drainage, but investigation showed no such obstruction. The patient succumbed. At autopsy a very large occipital cyst, quite separated from the two parietal cysts by a partition, was shown to have been enlarged by a further collection of fresh blood. He was not aware of a description of a triple sac in the literature.
Dr At times the mode of onset and the distribution of the headache might be much more suggestive of subarachnoid than subdural bleeding, and the finding of a yellow cerebrospinal fluid would add to the difficulty of making a correct diagnosis. This was so in two other cases which Mr. Northfield described.
The other point he wished to raisei n discussion was that of intracranial pressure. Headache was a constant complaint during some period of the history and was usually progressively severe and paroxysmal in type, denoting an expanding intracranial lesion. Although the haematoma might occupy a considerable amount of the intracranial space, yet objectively the intracranial pressure was seldom high and frequently abnormally low. In his own experience, papillcedema was not common. In only two cases of a recent series was the pressure of the cerebrospinal fluid abnormally high, and curiously enough in neither of these was papillcedema present. In one the lumbar pressure was 190 mm.; in the other the ventricular pressure was 600 mm., but the patient was congested from respiratory failure. In the remaining cases the pressure varied between zero and 150 mm. It would be argued that the lumbar pressures were not a true reading of the intracranial pressure owing to a partial block from herniation. This did not fully account for the findings because in some cases with a low lumbar puncture pressure, there was a good rise with jugular compression. The zero reading was of ventricular pressure, and in another case the ventricular pressure was such that fluid only trickled out slowly and a satisfactory measurement could not be obtained.
States of low intracranial pressure were frequently met with in cases of head injury, of longstanding hydrocephalus, and of tumours. It was perhaps most frequently seen in elderly persons with malignant tumours, and Dr. Greenfield suggested that this depended upon the greater roominess of the subarachnoid spaces which occurred in old age. Such an explanation was not applicable to the mechanics of all cases of subdural haematoma, for the low pressure was found in young as well as in old patients.
If W. J. Gardner's views (Arch. Neur. and Psychiat. (1932) , 27, 847) on the factor of osmosis in subdural haematomata were correct they offered a possible explanation of the low-pressure phenomenon. The greatest transference of water should occur through the inner and thinner membrane, the surface of which was applied to the brain. Water would thus be abstracted from the brain which would become compressed pari passu with the expansion of the cystic collection ; thus the total bulk of the brain and cyst might not be increased.
Dehydration might be partly responsible for the low pressure in a few very ill patients, but could not be the cause in the majority.
Professor JEFFERSON said that Lysholm's reputation was so great that nothing need be said about it to such an audience, but it was pleasant to feel that one of their colleagues who had been sitting at Lysholm's feet had come back embued with his methods and spirit and had been able to give such a paper and to show such pictures as Dr. Bull had done that afternoon. There was considerable doubt in the radiological world as to the uniformity, or even the possibility, of obtaining appearances of subdural haematomata by encephalography or ventriculography, particularly the first method which they used so much at Stockholm. Only a few years ago, when von Storch and Munro (New Eng. Journ. Med. (1938) , 218, 6) published a series of thirty-five cases they concluded that it was not possible to diagnose subdural haematoma by means of encephalography. This made Dr. Bull's present paper all the more important, because he had not only shown that it was almost uniformly possible to confirm the diagnosis in this way, but by a most interesting and careful dissection of the ventriculographic outlines he had shown, piece by piece, what was the meaning of the shift. He had made his case quite clearly that as a general principle only a tumour which was shaped like a haematoma and was situated where the haematoma was could fulfil all the requirements of the final picture.
Dr. J. W. D. BULL, in replying to Dr. Denny-Brown, said that an intra-hemispherical tumour such as a malignant glioma, would probably produce a localized deformity somewhere or other in the lateral wall of the affected lateral ventricle, without dislocation of the temporal horn. FEB.. NEUR. 3
He had been very interested in Dr. Denny-Brown's reference to the cases described by Dyke and Davidoff (1938) and two of his four infantile cases showed those appearances.
Dr. Bull thought that the disadvantage of using the electro-encephalogram only, was that it did not give the indication as to whether the lesion was extracerebral or intracerebral.
Mr. Northfield had raised the question of the clinical picture simulating a malignant glioma.
It was for this reason that in Stockholm arteriograms were made on these occasions. Until they had realized the classical pneumo-encephalographic picture, it was the practice if a case was diagnosed as a malignant glioma, to make an arteriogram which gave the quite characteristic picture as described by Hemmingson (Acta Radiologica (1939) , 20, 499). It was very important to be quite certain that the lesion was not a malignant glioma because, as Mr. Northfield had pointed out, so many of these cases might be cured.
